INTRODUCTION {#sec1-1}
============

Laparoscopy is a well-established alternative to open surgery for treating many diseases.\[[@ref1]\] Compared to open surgery, the laparoscopic approach is associated with more acceptable and aesthetically pleasing surgical scars, less post-operative pain, shorter hospital stays and faster recovery after surgery.\[[@ref1][@ref2][@ref3]\] Although laparoscopy has many advantages, it is also associated with disadvantages, such as slow learning curves and prolonged operation time.\[[@ref3][@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10]\] These skills are not inborn, and open surgery skills are not transferable to laparoscopic surgery.\[[@ref11][@ref12]\]

The difficulty with mastering laparoscopic surgery is related to features that are not found in open surgery. Minimally invasive surgery involves images in two dimensions (2D), limited feedback of movements and diminished sensibility.\[[@ref13]\] Therefore, it is necessary to develop proper hand-eye coordination, dexterity with laparoscopic forceps, a sense of depth in 2D and the ability to adjust to the fulcrum effect, which creates a conflict between visual and proprioceptive feedback.\[[@ref7][@ref14][@ref15]\] Considering these challenges, societies and regulatory bodies such as the Society of American Gastrointestinal and Endoscopic Surgeons (SAGES) and the European Association of Endoscopic Surgeons (EAES) have stipulated minimum prerequisites for surgeons who are performing laparoscopic surgery.\[[@ref16][@ref17][@ref18][@ref19]\] This has resulted in the development of skill-training laboratories and simulation models, allowing surgeons to develop laparoscopic skills without putting patients at risk.\[[@ref20][@ref21]\]

Currently, there are different simulation models for laparoscopic training. They facilitate the acquisition of laparoscopic skills, which can then be transferred to actual laparoscopic surgery.\[[@ref7][@ref12][@ref14][@ref22][@ref23]\] Fresh frozen cadavers may be an interesting resource for laparoscopic training, and many institutions have access to cadavers.\[[@ref24][@ref25][@ref26][@ref27]\] This approach allows for the training of basic and advanced skills, using a simulation that more closely matches reality by providing access to real anatomy. One of the main obstacles for the use of cadavers as a training model is the difficulty in introducing a sufficient pneumoperitoneum to distend the abdominal wall and provide a proper working space that matches that in an anaesthetised patient. The purpose of this study was to describe a fresh human cadaver model for laparoscopic training without requiring a pneumoperitoneum.

MATERIALS AND METHODS AND RESULTS {#sec1-2}
=================================

A fake abdominal wall device was developed to allow for laparoscopic training without requiring a pneumoperitoneum in cadavers. The device consists of a table-mounted retractor, two rail clamps \[[Figure 1a](#F1){ref-type="fig"}\], two independent frame arms, two adjustable handle and rotating features \[[Figure 1b](#F1){ref-type="fig"}\], and two frames of the abdominal wall (a smaller one that is used as the camera support and a bigger one for the fake abdominal wall) \[[Figure 2a](#F2){ref-type="fig"}\]. The table-mounted retractor was constructed at a regular surgical material factory.

![(a) Rail clamp with holes for inserting the frame arms (b) Adjustable handle and rotating feature also with holes for inserting the frame arms](JMAS-12-190-g001){#F1}

![(a) The bigger frame arm of the fake abdominal wall inserted in the adjustable handle and the rotating feature that moves the arm vertically and horizontally (b) The fake abdominal wall made of a round piece of EVA paper and cleaning sponge with a trocar and a forceps passing through (c) The surgeon\'s view of the fake abdominal wall. The EVA paper is put over and fixed on the frame arm depicted on [Figure 3a](#F3){ref-type="fig"} (d) A handycam is secured with masking tape on the smaller frame arm](JMAS-12-190-g002){#F2}

The fake abdominal wall consists of a round piece of ethylene-vinyl acetate (EVA) paper and cleaning sponge \[[Figure 2b](#F2){ref-type="fig"}\]. It can be fixed to the frame with small spears on the frame surface. The trocars are passed through the fake abdominal wall as performed in real surgery \[[Figure 2c](#F2){ref-type="fig"}\]. A regular handycam is fixed on the smaller frame in a similar fashion \[[Figure 2d](#F2){ref-type="fig"}\].

The cadaver is opened with an abdominal cross-shaped incision, allowing for wide access to the abdominal cavity \[[Figure 3a](#F3){ref-type="fig"}\]. The rail clamp is adapted to a surgical table and the frame arms are mounted such that they can be adapted to many body sizes. The adjustable handle and rotating feature places the fake abdominal wall over the cadaver to block the surgeon\'s view of the operative field \[[Figure 3b](#F3){ref-type="fig"}\]. The handycam is fixed over a frame arm, and positioned and connected through a USB connection to a television and dissector; scissors and other laparoscopic materials are positioned inside the trocars \[[Figure 3c](#F3){ref-type="fig"}\]. The laparoscopic procedure is thus simulated \[[Figure 3d](#F3){ref-type="fig"}\].

![(a) Cross-shaped incision of the cadaver abdominal wall exposing the peritoneal cavity (b) The adjustable handle and rotating feature places the fake abdominal wall over the cadaver according to the cadaver\'s size. The surgeon\'s view of the operative field is blocked by it, and laparoscopic forceps and scissors are positioned inside the trocars (c) The camera is positioned similarly to the fake abdominal wall over the cadaver and connected through a USB connection to a television. The surgeon is positioned laterally (d) The 2D view of the simulated laparoscopic procedure](JMAS-12-190-g003){#F3}

DISCUSSION {#sec1-3}
==========

In developing countries, laparoscopy is not widely accessible. Surgeons commonly choose the conventional approach over the laparoscopic approach when there is a lack of equipment and experience.\[[@ref7][@ref28]\] Under these circumstances, it is reasonable to infer that developing countries have severe difficulties in training surgeons for laparoscopic procedures. Virtual reality training in laparoscopic surgery is an interesting option and is not too complex to implement into an institutional training programme.\[[@ref24]\] However, virtual laparoscopy may be prohibitively expensive for many institutions, and virtual simulators are limited in providing training for some laparoscopic skills, such as teamwork and real tissue-handling feedback.\[[@ref24]\] Fortunately, there are other options. Animal models have the same potential for use in advanced surgical skills training. Animal models provide real tissue handling, arterial and venous bleeding, and breathing movements when mechanic ventilation is available. However, animal models are also very expensive because, in addition to the cost of laparoscopic equipment, there is the cost of a structured laboratory and trained personnel to manage the animals. The box trainer is an interesting low-cost alternative for laparoscopic training. The simplicity of the box trainer is an important advantage, allowing for trainees to acquire or build their own devices. Nevertheless, the box trainer is criticised for being unrealistic and very limited as a tool for training in advanced laparoscopic skills.\[[@ref23]\] These differences are summarised in [Table 1](#T1){ref-type="table"}.

###### 

Comparison of skills in laparoscopic training models

![](JMAS-12-190-g004)

On the other hand, fresh frozen cadavers are generally more accessible; additionally, they offer a high-fidelity laparoscopic simulation model and are an interesting resource for laparoscopic training within the available infrastructure.\[[@ref24][@ref25][@ref26][@ref27]\] The cadaver model permits training in all basic laparoscopic skills as follows:

Handling laparoscopic instruments;Depth perception in a three-dimensional (3D) environment with a 2D view;Adjustment to the fulcrum effect;Hand-eye coordination;Bimanual manipulation; andAmbidexterity.\[[@ref24]\]

Although not usually considered a basic laparoscopic skill, the recognition of real anatomic structures in a 2D view is fundamental; furthermore, compared to other training models, the cadaver offers the best training option.\[[@ref25][@ref26][@ref27]\] In addition, the cadaver also allows for training in advanced laparoscopic skills such as teamwork, real tissue handling and replication of the operation steps.\[[@ref24]\] Cholecystectomy, colorectal surgeries and other more advanced procedures may be performed on this model.\[[@ref25][@ref26][@ref27]\] The cadaver may additionally be appropriate for experimental surgery and for the development of new operative techniques and technologies. It is further possible to reuse the same cadaver for many operations if the cadaver is embalmed with Thiel\'s preservation solution, which preserves the tissue with the same efficacy as the formaldehyde solution with very small changes to the original colour and consistency.\[[@ref25]\] The Achilles' heel of this approach is the additional cost of Thiel\'s preservation method, which is very expensive.\[[@ref25]\] Additionally, the use of cadavers for laparoscopic training requires real laparoscopic equipment for making a pneumoperitoneum, which means that, although this option is cheaper than the virtual models, the cadaver model includes the costs of video equipment, insufflation equipment and gas carbonic. These tools are not widely accessible in developing countries. Currently, there is a debate about whether laparoscopic cholecystectomy should be practised in the developing world.\[[@ref28]\] In Brazil, according to official governmental data, 181,742 cholecystectomies were performed, but only 49,056 (27%) were laparoscopic.\[[@ref29]\] The costs of basic materials in these countries, such as a laparoscopic optical system and endoscope, are sometimes prohibitive for hospitals, let alone teaching institutions. In these circumstances, it is reasonable to infer that these countries have severe difficulties in training surgeons in laparoscopy.

The model we describe here may be more accessible for institutions in developing countries that have budget restrictions and are in need of establishing a laparoscopic training programme. The more costly equipment is substituted with material cheaper and easier to acquire. The fake abdominal wall mentioned here consisted of EVA paper and a cleaning sponge, which are inexpensive, disposable materials. This combination of materials was developed to fasten the trocar while moving laparoscopic forceps through the fake abdominal wall. The image was transmitted to a screen using a regular handycam attached to one of the table-mounted retractor\'s arm frames. This invention addresses the high costs of laparoscopic materials, preventing the need to acquire a laparoscopic optical system, endoscope, endoscopic light source, gas carbonic insufflator and gas carbonic. In addition, it solves the problem of the limitation of space when performing surgery after establishing a pneumoperitoneum, which is a consequence of the *rigor mortis* of the abdominal wall muscles and distension of the intestine and stomach in the gas-producing decay process.

CONCLUSION {#sec1-4}
==========

Simulation laparoscopic models have critical importance in allowing surgeons to develop laparoscopic skills without putting patients at risk. Cadavers offer a very promising and useful model for laparoscopic training, albeit with important limitations that are related to the cost and difficulty of implementing their use in training institution programmes. We developed a fake abdominal wall device that overcomes the limitation of space when performing surgery on cadavers and removes the need to acquire more costly laparoscopic equipment. This model is easily accessible at institutions in developing countries, making it one of the most promising tools for teaching laparoscopy.
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